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vascular function (30, 39) . Among them, the set of adaptations induced in the myocardium are collectively referred to as "athlete's heart" and includes increased cardiac mass, formations of new blood vessels, and decreased collagen content (15a, 17, 20, 23, 77, 91) . Individuals with high levels of physical activity have a lower prevalence and lower death rates from CVD (32, 86) . Thus exercise training has been established not only as a way to maintain a healthy lifestyle but also as an important and safe nonpharmacological prescription for prevention and treatment of CVD.
Pathological cardiac hypertrophy is associated with poor prognosis and is a hallmark of heart failure (72, 73, 103) . In contrast, exercise training-induced physiological cardiac hypertrophy presents cardioprotective effects and is not related to heart failure (74) . Exercise training has been described as being able to counteract structural and functional cardiac changes in CVD by contributing to the phenotypical changes of pathological into physiological cardiac hypertrophy (31, 65, 73, 74) .
Despite strong evidence linking exercise training to reduction in CVD risk, much uncertainty remains with regard to the underlying mechanisms. Currently much more attention has been given to cellular and molecular mechanisms in an attempt to distinguish between pathological and physiological cardiac hypertrophy. Distinct intracellular pathways have been recognized in both situations and will be reviewed here in view of their modulation by microRNAs (miRNAs). miRNAs, small noncoding regions of the genome, are a new class of gene regulators, which have been shown to play a key role in a myriad of cellular processes, including growth, fibrosis, apoptosis, angiogenesis, and cardiac function under physiological and pathological conditions. miRNAs are considered promising therapeutic targets for CVD (4, 15, 71, 74, 85, 90) . We have found numerous miRNAs that play specific roles in regulating gene expression by exercise training (15a, 20, 21, 24, 65, 91) and confirmed by Ma et al. (58) and Martinelli et al. (61) . The aim of this review is provide an overview of exercise training effects on physiological cardiac remodeling and the involvement of miRNAs in this process.
Cardiac Remodeling Induced by Exercise Training
People engaged in chronic exercise programs have improved cardiovascular function. This is observed not only in healthy subjects but mainly in those with any type of cardiovascular risk factor or disease (6, 39, 40) . Even in people over 70 yr old, exercise training can lower systolic, diastolic, and median blood pressure (13) . The health benefits of an active lifestyle are multifactorial and include not only biological adaptation but also changes in other social habits, such as decreases in smoking and drinking excessive amounts of alcohol (27) .
Exercise training reduces the body mass index by decreasing adipocyte mass, increases insulin sensitivity as well as glucose uptake, increases muscle strength and endurance, increases antioxidant levels, and increases HDL, while decreasing LDL and total triglycerides (43, 48, 95) . From the cardiovascular point of view, exercise training reduces both diastolic and systolic blood pressure, increases the left ventricular (LV) ejection fraction, decreases end-diastolic pressure, improves vascular function, and increases cardiac angiogenesis and cardiac muscle mass (33, 60, 75) . Among these adaptations, our focus in this review will primarily be on the increase in cardiac muscle mass termed herein as exercise training-induced cardiac hypertrophy.
Cardiac hypertrophy. Cardiac hypertrophy is an adaptive response of the heart to increased cardiac workload and involves a variety of mechanical, hemodynamic, and hormonal factors (70) . Although any increase in heart mass is broadly defined as a hypertrophic response, there are two very different forms of ventricular hypertrophy, one physiological and another pathological (5) . At the cellular level both hypertrophic processes implicate in adaptations such as increased cardiomyocyte size, enhanced protein synthesis rate, and reorganizations of the sarcomere structure; however, there are many differences that distinguish them and will be discussed below. First, they should be distinguished by the structural and functional adaptations as being physiological versus pathological remodeling; second, by the stimuli that induce the hypertrophy, which are pressure versus volume overload (19, 59, 96) .
Physiological cardiac hypertrophy may be exemplified by the LV remodeling induced by exercise training, or pregnancy or during the postnatal growth of the heart from the birth to adulthood. It is also observed in other species such as in snakes that LV mass can increase even after large meals (2) . The LV remodeling induced by physiological stimuli leads to preserved or even enhanced LV function, decreased collagen content, lack of fibrosis, increased angiogenesis, improved myocardial antioxidant capacity (78) , and decreased mitochondrial dysfunction (7) and has been shown to prevent cardiomyocyte apoptosis (44) .
Oppositely, pathological hypertrophy is associated with severe CVD illness that leads to increased risk of heart failure arrhythmia and ultimately death (41) . LV remodeling induced by pathological stress leads to progressive declines in cardiac output, myocardial rarefaction, increased apoptosis, cardiomyocyte metabolism switch from fatty acid to glucose use, and increased fibrosis (35, 49) .
Altogether, there are basically two ways to distinguish between physiological and pathological cardiac hypertrophy: pathological LV remodeling is accompanied by LV dysfunction (either diastolic, systolic, or both) (29) and disproportional increase between muscle mass to angiogenesis (88) , whereas physiological LV remodeling preserves, or even enhances, ventricular function and there is coordinated growth of both muscle mass and angiogenesis (23, 74) .
Different cardiac hypertrophy phenotypes at the molecular level. At the molecular level, reexpression of fetal genes is used as a biomarker of pathological cardiac hypertrophy. Among them, atrial and brain natriuretic peptide, ␣-skeletal myosin, and ␣-to ␤-myosin heavy chain (MHC) expression ratio have been the most frequently reported (45, 51, 102) . Although the best known effects of atrial and brain natriuretic peptide are natriuresis and blood pressure regulation, these small peptides also contribute to preventing cardiac hypertrophy and fibrosis in the adult heart (66) . The main release factor of the atrial peptides factor is the wall strain induced by the increased workload, but other mechanisms are still being uncovered (96) .
The ␣ and ␤ are subunits of the cardiac MHC filaments. ␣-MHC has the highest ATPase activity and contractile velocity, whereas the ␤-MHC has the lowest ATPase activity and contractile velocity (36) . A decreased ␣-to ␤-MHC expression ratio has been found in pathological cardiac hypertrophy, whereas exercise training prevents this response or even increases ␣-to ␤-MHC expression ratio (10, 67) .
Although cardiac hypertrophy involves a variety of mechanical, hemodynamic, and hormonal factors, the main factor to determine the morphological phenotype of LV remodeling is the hemodynamic cardiac workload. Both pathological and physiological cardiac hypertrophy may be triggered by pressure or volume cardiac overload. These two different stimuli induce distinct morphological adaptations to the heart; in particular, to the LV. The LV remodeling by pressure overload is characterized by concentric hypertrophy, whereas LV remodeling by volume overload induces eccentric hypertrophy (70) . At the cellular level, concentric hypertrophy is characterized by parallel addition of new sarcomeres and lateral growth of individual cardiomyocytes. This hypertrophy generally leads to increased LV wall thickness with either decreased LV chamber diameter (pathological) or no change on LV chamber diameter (physiological exercise training induced) (34) . The eccentric hypertrophy due to volume overload is characterized by addition of sarcomeres in series and longitudinal cardiomyocyte growth. The phenotype of this remodeling is typically associated with LV dilatation (pathological) or proportional increase in both LV dilatation and LV wall thickness (physiological exercise training induced) (34) . Figure 1 exemplifies both pressure and volume-induced physiological cardiac hypertrophy.
At this time, it should be highlighted that different exercise training protocols predominantly change cardiac workload either by pressure or by volume overload, which leads to different cardiac hypertrophy phenotypes (57, 94) (Fig. 1) .
The first observation of cardiac enlargement in trained individuals was by the Swedish clinician Henschen (42) and dates back to the 1890s, but the first description of different types of cardiac hypertrophy among athletes, resulting from different modalities, was found by Mongaroth et al. (69) and came only in 1975. Later, with the development of noninvasive and more powerful devices for cardiovascular studies, the understanding of the athlete's heart phenomenon has progressed meaningfully.
Aerobic exercises such as running or swimming that involve rhythmic contraction of large skeletal muscle mass, performed for extended periods (e.g., 30 -60 min), and that are dependent on the supply of oxygen to the active muscles facilitate venous return and increase the end-diastolic volume (volume overload or increased preload) (69) .
On the other hand, resistance or strength exercises, such as weightlifting, involve smaller muscle mass, but strength contraction is limited to a few repetitions (generally, Ͻ20) until exhaustion and increases systemic vascular resistance (pressure overload or increased afterload) because of isometric contraction with heavier loads. For example, systolic blood pressure higher than 250 mmHg has been found during this type of exercise (59) . Finally, it should also be reminded that the magnitude of cardiac hypertrophy is much less in response to the resistance/strength exercises than aerobic exercises (92). Although we and others have used an animal model of resistance training to study cardiovascular adaptations of physiological concentric cardiac hypertrophy (1, 3, 26) , data are still scarce with regard to the molecular mechanism involved. In the next section, we will focus on specific intracellular pathways involved in LV remodeling induced by aerobic exercise training.
miRNAs, Cardiac Hypertrophy, and Exercise Training
miRNA: biogenesis and gene regulation. miRNAs comprise a novel class of endogenous, small (ϳ22 nucleotides in length), noncoding RNAs that play important regulatory roles in many physiological and pathological processes (71, 74, 90) . There are over 2,000 miRNAs known to be encoded in the human genome, and collectively these miRNAs regulate the expression of thousands of protein-coding gene targets at posttranscriptional levels. Thus it is estimated that miRNAs regulate ϳ30% of human genes (4, 47, 71, 74, 90) . All miRNAs from humans and other species are included in the database miRBase (v21.0, June 2014, http://www.mirbase.org).
The biogenesis of miRNAs is accomplished through sequential enzymatic reactions. miRNAs are initially transcribed by RNA polymerase II in the nucleus to form large primary transcript (pri-miRNA) transcripts and are polyadenylated at its 3=-end and capped at its 5=-extremity (4, 47) . The pri-miRNAs harbor a local hairpin structure that is then cropped by a nuclear enzyme Drosha and their cofactor Pasha (also known as DGCR8) into pre-miRNAs (ϳ70 nucleotides). Together, RanGTP and exportin 5 transport the pre-miRNA into the cytoplasm. Subsequently, the enzyme Dicer removes the terminal loop of the pre-miRNAs to generate the miRNA duplex (ϳ22 nucleotides). The duplex is loaded into the miRNAassociated multiprotein RNA-induced silencing complex, which includes the Argonaute proteins. One strand of the miRNA is preferentially retained in this complex and becomes the mature miRNA; the opposite strand, known as the passenger strand, is eliminated from the complex (4, 47, 50, 90) .
Mature miRNAs can bind most commonly, but not exclusively, to 3=-untranslated regions of messenger RNAs (mRNAs) of protein-coding genes and negatively regulate their expression (4, 47, 71, 74, 90) . The posttranscriptional regula- Fig. 1 . The schematic physiological cardiac remodeling induced by exercise training. Exercise training is characterized by a uniform profile of myocardium growth without fibrosis and cardiac dysfunction. Aerobic training promotes eccentric hypertrophy with the addition of sarcomeres in series to lengthen the cardiomyocyte and to increase the width of the cell in parallel. In contrast, resistance training promotes concentric hypertrophy with the addition of sarcomeres in parallel to an increase in cross-sectional cardiac area. Mitochondrial RNA (miRNA)-1, -21, -26b, -27a/b, -30e, -99b, -100, -124, -133a/b, -143, -144, -145, -150, -208a, and -222 are involved in cardiomyocyte growth and survival, miRNA-29a/c regulate antifibrosis process, and miRNA-126 modulates angiogenesis in response to aerobic exercise training.
tion realized by the miRNAs in 3=-untranslated regions is dependent on the degree of complementarity between them and the target mRNA. Because of the fact that they have small sequences and act without the need for complete pairing, a single miRNA can regulate up to 200 mRNAs, and more than one miRNA can regulate a single mRNA (50) . Thus miRNAs that bind to target mRNAs with imperfect complementarity repress target gene expression via translational silencing. In contrast, miRNAs that bind to their target mRNAs with perfect complementarily induce mRNA degradation (4, 47, 50, 71, 74, 90) .
miRNAs in the heart. miRNAs are emerging as pivotal modulators of cardiovascular development and disease (74, 90) . Although several miRNAs have been described since their discovery in 1993 by Lee et al. (53) , the knowledge of the molecular mechanisms involved in numerous biological functions still need to be investigated. The first evidence that miRNA plays a significant role in the development of the cardiovascular system came from a study showing that the deletion of Dicer, an enzyme key for miRNA processing, disrupted embryonic angiogenesis during mouse development (101) . Later studies with specific deletion of Dicer in the heart showed misexpression of cardiac contractile proteins and profound sarcomere disarray accompanied by dilated cardiomyopathy, heart failure, and postnatal lethality (11) . Thus da Costa Martins et al. (14) showed that conditional Dicer deletion in the postnatal myocardium promoted pathological cardiac remodeling and dysfunction, suggesting the important role of miRNAs in the control of cardiovascular homeostasis.
The first studies of miRNA in cardiac hypertrophy used microarray platforms to analyze the cardiac miRNA expression signature after pathological stimuli (thoracic aortic-banded mouse model and calcineurin-overexpressing transgenic mice) and indicated that miRNAs are aberrantly expressed in hypertrophic mouse hearts (12, 15, 85, 95b) (15, 18, 71, 74) . Antagomir and miR-mimic approaches, knockout mice, adenoviral vector, pharmacologic inhibitors (2=-O-methyl-modified antisense oligonucleotides and locked nucleic acid), and transgenic mice regulating miRNA expression under control of the cardiac MHC-6 promoter have been used to silence or stimulate miRNAs anti-or prohypertrophic, in vitro and in vivo studies (14, 17, 68, 71) . Abnormal miRNA regulation has been shown to be involved in CVD, suggesting that miRNAs might affect cardiac structure and function (15, 71, 74, 90) .
Among the miRNAs described, four are recognized as cardiac-specific: miRNA-1, -133a/b, -208a/b, and -499, called myomiRs. Sayed et al. (85) showed that cardiac miRNA-1 is downregulated in hypertrophic hearts by transverse aortic constriction, and it is involved in post-mitotic muscle growth and function through a serum response factor-dependent mechanism. This downregulation is required for the release of its growth-related targets, including RasGTPase-activating protein, cyclin-dependent kinase 9, fibronectin, and Ras homolog enriched in brain. Similarly, Carè et al. (8) showed that miRNA-133 is also downregulated in hypertrophic hearts induced by transverse aortic constriction, which represses family members of the Rho kinase, Ras homolog gene family-A, and cell division control protein 42, as well as negative elongation factor complex member A, a negative regulator of RNA polymerase II. Studies have shown that Rho kinase inhibition improves LV geometry and reduces collagen deposition accompanied by improved diastolic function in transverse aortic constriction-induced cardiac hypertrophy (76) . On the other hand, Van Rooij et al. (95c) showed that overexpression of miRNA-208a is required for cardiomyocyte hypertrophy, fibrosis, and expression of ␤-MHC in response to stress and hypothyroidism. miRNA-208 targets purine-rich element-binding protein B (Pur␤), heterochromatin protein 1 (HP-1␤), and transcription factors Sox6 and Sp3 related to MHC gene switching mainly by stimulating ␤-MHC expression (95a). In addition, overexpression of miRNA-499 also elicits cardiac hypertrophy resulting in cardiac systolic dysfunction (87) . Therefore, new target genes and signaling pathways have been described to regulate cardiac hypertrophy via myomiRs (15, 71, 74) . Although miRNA studies predominate in the field of cardiovascular disorders, little is known about their expression patterns or role in physiological conditions, especially exercise-regulated miRNAs.
In the same way as miRNAs, long noncoding RNAs (lncRNAs) are part of the noncoding RNAs interacting with the major pathways of cell growth, proliferation, differentiation, and survival. Recently discovered, lncRNAs have been described as regulating gene expression and may act as miRNA sponges to reduce miRNA levels (38, 97, 100) . The number of noncoding RNAs encoded within the human genome is unknown; however, recent transcriptomic and bioinformatic studies suggest that there are thousands of them (37) . Notably, Wang et al. (97) demonstrated that lncRNA, AK048451, which the authors called of CHRF, sequesters the miRNA-489, preventing the miRNA from acting on its target gene myeloid differentiation primary response gene 88. The authors described this as resulting from induced pathological cardiac hypertrophy in response to angiotensin II treatment. Thus, for the first time, the authors showed the participation of the lncRNA-miRNA-mRNA axis in the cardiac hypertrophy, revealing a promising area of cardiovascular research that may contribute to the understanding of physiological cardiac hypertrophy induced by exercise training.
Exercise training-regulated cardiac miRNAs. The miRNAs are essential in different cell processes involved in the regulation of cardiovascular phenotypes, such as cardiomyocyte growth, remodeling, and vascularization (15, 25, 90) . miRNAs have also been described as participating in the beneficial adaptations promoted by exercise training, mainly physiological cardiac hypertrophy (8, 15a, 20, 24, 58, 61, 91) (Fig. 1) . Interestingly, in Table 1 , we identified miRNAs and target genes involved in physiological cardiac remodeling induced by aerobic exercise training, both swimming and running exercises. Despite their importance, few studies have been conducted based on this concept. Carè et al. (8) conducted the first study showing the effects of high-intensity interval training (treadmill) on miRNA expression in cardiac hypertrophy. The authors showed that miRNA-1 and -133 expression were reduced in both physiological cardiac hypertrophy induced by interval training and by cardiac-specific Akt transgenic mice. We also observed that miRNA-1 and -133a/b are similarly downregulated in the eccentric cardiac hypertrophy induced by two different swimming training protocols when compared with the sedentary group (91) . Irrespective of the exercise (running or swimming) and volume training (moderate and high), the expression profiles of these myomiRs were similar among the studies (8, 91). Intriguingly, as described above, these miRNAs were also reduced in pathological cardiac hypertrophy (8) .
We also evaluated the expression of the myomiR-208a in the heart of the animals subjected to the same two swimming exercise training protocols. Unlike that found in pathological hypertrophy (95a), the data showed a reduction in cardiac miRNA-208a in the group with higher volume of exercise, parallel to an increase in the target gene Pur␤ compared with the sedentary group. Increased levels of Pur␤ inhibited ␤-MHC expression accompanied by increased ␣-MHC and improved ventricular compliance (24) . Interestingly, higher levels of circulating miRNA-208a and -499 have been used as systemic biomarkers of cardiac damage in patients with CVD. In contrast, miRNA-208b and -499 levels were not changed after 24 h of a marathon run, whereas the miRNA-1, -133a, and -206 were correlated to performance parameters (maximum oxygen consumption and running speed) indicating their potential role as biomarkers of aerobic capacity (68) .
In an attempt to explain the differences between pathological and physiological cardiac hypertrophy based on miRNA signatures, Lin et al. (55) identified miRNAs differentially expressed in physiological cardiac hypertrophy using transgenic mice with elevated cardiac phosphotidyinositol 3-kinase (PI3K) activity, compared with pathological hypertrophy with decreased PI3K activity and myocardial infarction. Although it was not the effect of exercise training, the authors were the first to detail a signature of miRNAs in physiological cardiac hypertrophy, demonstrating a potential role of these miRNAs in promoting cardioprotective effects on physiological growth. PI3Ks catalyze the phosphorylation of membrane lipids, known as the phosphoinositides, and thus activate a series of intracellular signaling molecules such as Akt1, which is a major downstream effector of PI3K. Akt1 is phosphorylated in physiological cardiac hypertrophy and exerts diverse beneficial functions such as inhibition of cardiomyocyte apoptosis, improvement in calcium transients, and cardiac hypertrophy (46, 62) . A series of studies led by the McMullen's group (63, 64, 98) has shown the role of insulin-like growth factor 1 (IGF-1)/IGF-1 receptor (IGF-1R)/PI3K (110␣) in the development of physiological cardiac hypertrophy. *Predicted target gene. IGF-1, insulin-like growth factor 1; IGF-1R, insulin-like growth factor-1 receptor; GATA4; GATA binding protein 4; C-MYB, cellular homolog of MYB avian myeloblastosis oncogene homolog; GS3K-␤, glycogen synthase kinase-3␤; PTEN, phosphatase and tensin homolog; TSC2, tuberous sclerosis complex 2; ECA and ECA2, angiotensin-converting enzymes 1 and 2; Spred-1, sprouty-related protein 1; PI3KR2, phosphoinositol-3 kinase (PI3K) regulatory subunit 2; Pur␤, purine-rich element binding protein B; RhoA, Ras homologue gene family-A; Cdc42, cell division control protein 42; NelfA, negative elongation factor complex member A; Bcl-2, B-cell lymphoma 2; Akt, protein kinase B; mTOR, mammalian target of rapamycin; p27, cell-cycle inhibitor; HIPK1, protein kinase; HMBOX1, transcriptional repressor.
IGF-1/IGF-1R intracellular signaling has been the moststudied pathway responsible for physiological cardiac hypertrophy. High-circulating levels of this factor are encountered both during postnatal development and in response to exercise training. IGF-1 is mainly produced by the liver but also by cardiomyocytes in response to exercise (28) . IGF-1R is a tyrosine kinase receptor that, upon IGF-1 binding, activates the PI3K-Akt cascade. Mice with constitutively active PI3K (110␣) or overexpression of IGF-1 show increased heart weight and are protected from ischemic injury and heart failure (54, 55) .
Our group was the first to identify miRNAs based on miRNAs signature in cardiac hypertrophy induced by aerobic exercise training (15a, 20, 91) . Soci et al. (91) showed that the expression of miRNA-29c, which targets the collagen gene, increased in parallel with cardiac hypertrophy induced by both swimming exercise training protocols (moderate and high exercise volume) correlated with a decrease in collagen I and III expression and hydroxyproline concentration relevant to the improved LV compliance and function. Thus miRNA-29 reduces collagen fibrosis in the physiologically hypertrophic heart. On the other hand, low levels of miRNA-29 were previously associated with fibrosis in myocardial infarction (95d). Recently, Melo et al. (65) showed that swimming training restored cardiac miRNA-29a and -29c levels and prevented collagen type I and III expression on the border and in the remote regions of the myocardial infarction, suggesting the cardiac effect of exercise training in myocardial-infarcted rats as a way to prevent or minimize the harmful effects in CVD.
Similarly, Liu et al. (56) identified miRNAs signature in physiological cardiac hypertrophy induced by two different types of aerobic training: voluntary wheel running and ramp swimming model. Interestingly, the authors showed that 55 miRNAs were differentially expressed by swimming, whereas 124 were differentially expressed by voluntary wheel running and 16 were similarly regulated by two types of aerobic training. miRNA-222 was chosen by to be upregulated in both models of physiological cardiac hypertrophic targeting p27 (cell-cycle inhibitor), homeodomain-interacting protein kinase 1 (protein kinase), and homeobox-containing protein 1 (transcriptional repressor) genes involved in proliferation and hypertrophy of cardiomyocytes. Curiously, the authors were the first to perform a functional study showing that the inhibition of miRNA-222 in vivo blocks cardiac hypertrophy induced by swimming. Moreover, miRNA-222 can be suggested as a potential therapeutic target against pathological cardiac remodeling since it overexpression largely protected the heart from damage caused by ischemic injury.
Angiogenesis, the growth of new blood vessels from existing vessels, is an important aspect of LV remodeling. In physiological LV remodeling, there is coordinated growth of both muscle mass and angiogenesis that is an important adaptation to enhance capacity and reserve to deliver oxygen to the myocardium (52) . Da Silva et al. (15a) investigated the role of the miRNA-126 on cardiac angiogenesis induced by swimming training. Exercise training promoted an increase in the expression of miRNA-126 and repression of their target genes Spred-1 and PI3K regulatory subunit 2 related to vessel growth. Sprouty-related, EVH1 domain-containing protein 1 and PI3K regulatory subunit 2 are negative regulators of the VEGF pathway by inhibiting Raf-1/ERK 1/2 and PI3K/Akt/ endothelial nitric oxide synthase (eNOS) pathways, respectively (25) . Interestingly, our study revealed some of the molecular mechanisms involved in physiological cardiac remodeling in response to exercise training. VEGF is considered the most potent angiogenic factor and interacts with two specific receptors: fms-like tyrosine kinase (Flt-1 or VEGFR1) and fetal liver kinase (Flk-1 or VEGFR2) . Once activated, these receptors result in a series of intracellular signaling pathways that lead to both angiogenic and vasodilator responses. One of the first effects of intracellular activation by VEGF discovered was an increase in eNOS activity and expression. VEGF mediates the activation of ezrin/calpain/PI3K/ Akt cascade, which leads to eNOS Ser1179 phosphorylation and Ca 2ϩ -independent nitric oxide generation (16) . VEGF can also activate AMPK activity through the Ca 2ϩ /calmodulin pathway, which, in turn, also activates eNOS to induce angiogenesis and vasodilation (93) . There are no doubts about the role of VEGF as an important mediator of the exercise traininginduced angiogenic response, as has been reviewed elsewhere (22, 79) .
Fernandes et al. (20) showed increase of miRNA-27a and -27b in cardiac hypertrophy induced by swimming training targeting angiotensin-converting enzyme (ACE) in normotensive rats. Inactivation of the classic renin-angiotensin system (RAS) by exercise training contributed to a physiological cardiac hypertrophy by reducing the levels of ACE-ANG II axis. In contrast, we observed a decrease of miRNA-143 targeting ACE2 in the heart of rats. Activation of nonclassic RAS by exercise training counteracted the classic cardiac RAS by stimulating ACE2-ANG-(1-7) axis in physiological cardiac hypertrophy. Recently, Martinelli et al. (61) determined the profile of miRNAs in voluntary exercise (wheel running)-induced LV hypertrophy. In agreement with Fernandes et al. (20) , the authors also observed a reduction in the expression of miRNA-143 with only 7 days of exercise training, but no change in expression after 35 days of training. On the other hand, the authors detected a reduction in miRNA-27a levels at 7 days of exercise training and no change in expression after 35 days of training. The different results in the studies could mainly be due to the type, intensity, and duration of exercise training used. Thus exercise training of greater intensity and long duration has been shown to promote alterations in the expression of miRNA-27a/b and -143 after periods of chronic exercise involved in the physiological cardiac remodeling.
Martinelli et al. (61) also observed a reduction in miRNA26a expression after 7 days and increase in miRNA-150 expression after 35 days of voluntary wheel running exercise. The predicted target genes of miRNA-26b and -150 may be involved in physiological cardiac hypertrophy induced by exercise training, since they are related to survival pathways, such as IGF-1/PI3K signaling and glycogen synthase kinase-3␤, respectively. Interestingly, Ma et al. (58) identified miRNAs that target the PI3K/Akt/mammalian target of rapamycin (mTOR) signaling pathway in swimming training-induced cardiac hypertrophy. The authors observed that exercise training increased cardiac miRNA-21 and -144 expression associated with a reduction in their target gene phosphatase and tensin homolog (negative regulator of the PI3K/Akt/mTOR pathway). In addition, an increase in miRNA-145 was accompanied by a decrease in tuberous sclerosis complex 2 after swimming training (another negative regulator of the PI3K/ Akt/mTOR pathway). In contrast, exercise training decreased cardiac miRNA-124 expression associated with an increase in their target gene PI3K (p110-␣) involved in physiological hypertrophy. Recently, Ramasamy et al. (80) also performed microarray miRNA in swimming training-induced cardiac hypertrophy, indicating that miRNA-30e, -133b, and -208 were significantly upregulated and miRNA-99b and -100 were significantly downregulated after real-time PCR confirmation in healthy rats. Target genes that regulate proliferation and cell death were showed, suggesting that PI3/Akt/mTOR, MAPK, and p53 signaling are involved in physiological cardiac growth.
Altogether, these data suggest that exercise training, both swimming and running, can promote physiological cardiac remodeling through regulation of specific target genes by miRNAs. These exercise training-induced adaptations might provide the additional aerobic performance required by the exercised heart.
Conclusion
Exercise training has been widely recommended as a safe and well-accepted nonpharmacological strategy to prevent CVD and even restore cardiac function. We believe that by understanding the molecular pathways behind the physiological cardiac adaptation induced by exercise training, we may find new therapeutical targets to treat CVD. Among these new targets, modulation of miRNAs seems to be a powerful therapy to reach this goal. A potential therapeutic advantage of miRNAs is that they target multiple genes involved in the same pathway process which is different compared with traditional therapies that target a single protein or gene. Furthermore, miRNA have defined target with high specificity of treatment, long-duration effect, and bioavailability, indicating miRNA therapy as a more effective strategy. On the other hand, delivery, tissue selectivity, and safety are important challenges of miRNAbased therapy to be overcome in the next years (9) . Surprisingly, little is known about the regulatory interaction networks among the multiple classes of RNAs or the mechanisms regulated by exercise-induced miRNAs on physiological cardiac remodeling. The analysis of miRNAs has made it possible to understand the development of various types of diseases. The elucidation of these processes regulated by miRNAs and identification of new target genes in the pathogenesis of CVD are very valuable strategies for prevention and treatment of the CVD. As reviewed here, very little is known about the mechanisms regulated by exercise-induced miRNAs, both by swimming and running, on physiological cardiac remodeling.
Based on our findings and reports by other investigators, the data indicate that different phenotypical changes observed in response to both swimming and running exercise training can be regulated by miRNAs and their target genes (Table 1 and Fig. 1) . A set of specific miRNAs contributes to the physiological cardiac remodeling induced by aerobic exercise training (swimming regulated: miRNA-1, -21, -27a/b, -29a/c, -30e, -99b, -100, -124, -126, -133a/b, -143, -144, -145, -208a, and -222; and running-regulated: miRNA-1, -26, -27a, -133, -143, -150, and -222), suggesting a potential role of these miRNAs in promoting cardioprotective effects on physiological growth (Fig. 1) . Therefore, exercise-induced miRNAs, which could be measured circulating in blood, could serve as predictors of aerobic capacity required by the hypertrophic heart. Other types of exercise training (i.e., resistance, interval and concurrent)-induced physiological cardiac hypertrophy can also be promoted under the regulation of specific miRNAs, which may also be important for the development of new therapies for CVD. Further studies are still required to evaluate cardiac miRNA signatures under pathological and physiological conditions. In addition, the functional role of miRNAs in the physiological cardiac remodeling induced by exercise training could increase our understanding of cardiac remodeling mechanisms. 
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